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© Active-type automatic focusing apparatus. 

(57) The present invention relates to an active-type automatic focusing apparatus, and more particularly to 
an automatic focusing apparatus of a type having an arrangement that a light receiving portion is 
disposed on each side of a light emitting unit to obtain the distance from a subject in accordance with 
the output from each light receiving portion. An automatic focusing apparatus of the foregoing type 
according to the present invention is enabled to have a small size by shortening the distance from either 
of the light receiving portions disposed on the two sides of the light emitting unit to the light emitting 
unit than the distance from the other light receiving portion. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to an active-type automatic focusing apparatus that irradiates, with light, a 

subject, the range from which is intended to be found, that is, a subject of range finding, and receives light 
reflected from the subject to calculate information of the found range. 

Related Background Art 

10 

Hitherto, a so-called active-type automatic focusing apparatus has been known which emits light from a 
light emitting device, such as an IRED, to a subject and which receives light reflected from the subject by a 
semiconductor position sensing device (PSD) or the like to measure the distance from the position, at which 
light has been received, to the subject by a principle of triangulation. 
15 Referring to Fig. 5, an active-type automatic focusing apparatus of the foregoing conventional type will 

now be described. 

Referring to Fig. 5 (a), reference numeral 10 represents a light emission side lens, 11 represents a light 
receiving side lens, 12 represents an IRED (Infrared Ray Emitting Diode), 13 represents a semiconductor pos- 
ition sensing device (a PSD), and 14 represents a subject 

20 Light emitted from the IRED 12 is allowed to pass through the light emission side lens 10 and the subject 

14 is irradiated with light Light reflected by the subject 14 is allowed to pass through the light receiving side 
lens 11 before it is made incident upon the PSD 13. The position at which light is made incident upon the PSD 
13 is shifted depending on the change in the distance from the subject 14, thus causing electric currents l A 
and l B transmitted from pair of the two ends of the PSD 13 to be changed. 

25 Thus, an apparatus of the foregoing type is arranged in such a manner that the electric currents l A and l B 

are electrically amplified to calculate the distance to the subject. 
A problem of the contrast of the subject will now be described. 

If the subject 14 has no contrast, the center of a spot 15 of light reflected by the subject 14 is brought to 
a central position of the spot 15, a distance x, from an end of the PSD 13, as shown in Fig. 5 (b). Thus, the 
30 level of each of the output electric currents l A and l B at the two ends of the PSD 1 3 corresponds to the position 

Xl- 

Assuming that the contrast, and thus the reflectance of the right half portion of the subject 14 is low, the 
light spot 15 on the PSD 13 has a contrast as shown, for example, in Fig. 5 (c). That is, the position of the 
center of the light spot 1 5 on the PSD 1 3 is shifted to right by a distance a. As a result, the position of the center 
35 of light is made to be (x 1 + a), thus causing distance information corresponding to the shift to be displaced in 
the direction in which the distance is shortened. 

As described above, the conventional active-type automatic focusing apparatus has a basic problem that 
the apparatus erroneously measures the distance from a subject if the subject has a contrast. The foregoing 
problem also arises in a case where the irradiation beam is applied to only a part of the subject 
40 An arrangement that is capable of overcoming the foregoing problem has been disclosed in U.S. Patent 

No. 4,814,810. Fig. 6 (a) illustrates the basic structure of the disclosure of the '810 patent in such a manner 
that the same elements as those shown in Fig. 5 are given the same reference numerals. 

The active-type automatic focusing apparatus according to the '81 0 patent comprises a light receiving side 
lens 16 at a symmetrical position with respect to the light emission side lens 10 in a direction of the base line 
45 of the light receiving side lens 11 . The active-type automatic focusing apparatus further includes a PSD 17 at 
the position of the focal point of the light receiving side lens 16. Reference numeral 12 represents an IRED. 

If the subject 14 has, for example, a contrast as shown in Fig. 6, light emitted from the IRED 12 is reflected 
by the subject 14. As a result, spot images are formed on the PSDs 1 3 and 1 7. A state of the spots is shown 
in Fig. 6 (b). 

so Since the light receiving side lenses 11 and 16 are positioned symmetrically with respect to the light emis- 

sion side lens 10, adequate adjustment of the positions of the PSD 13 and the PSD 17 enables the spot pos- 
itions x-i and x 2 to be symmetrical and to have the same values. 

If the subject 14 has the contrast as shown in Fig. 6 (a), the state of spot images on the PSDs 13 and 17 
is as shown in Fig. 6(b). Assuming that the difference in the position of the center of light taking place depending 
55 upon the contrast of a subject 14 is a, the position of the center of light is, on the PSD 1 3, (x^ + a) and that on 
the PSD 17 is (x 2 - a) because the center of light moves in the same direction on the PSDs 13 and 17. 

Thus, output Fi from a distal terminal of the PSD 13 (an end of the PSD 13, the output from which is made 
to be larger than another terminal when a subject is positioned away from the apparatus) and output F 2 from 

2 
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a distal terminal of the PSD 17 are enabled to be added to each other by connecting the foregoing terminals. 
Output Ni from a proximate terminal of the PSD 17 (a terminal of the PSD 17, the output from which is made 
to be larger than another terminal when a subject is positioned at a near position) and output N 2 from a prox- 
imate terminal of the PSD 17 are enabled to be added to each other by connecting the foregoing terminals. 
5 Then, electric currents l F and l N denoting the results of the additions and expressed as follows are taken: 
l F oc (1 - Xi - a) + (1 - x 2 + a) 

oc {2 - Xt - x 2 ) 
| N oc (xt + a + x 2 - a) 
oc ( X1 + x 2 ) 

10 Thus, the output electric currents l A (l N ) and l B (l F ) are not dependent on the spot center movement, a, 

caused by the contrast of the subject. 

As described above, because the two PSDs 13 and 17 are positioned away from each other by the length 
of the base line and disposed symmetrically with respect to the light emission side lens 10, and because the 
output sum from each of the PSDs 13 and 17 is obtained the influence of the subject contrast is basically elinv 

15 inated. However, the apparatus disclosed as described above involves a necessity of further disposing the 
light receiving side lens and the light receiving device with respect to a center of symmetry in the direction of 
the base line as compared with the conventional active-type automatic focusing apparatus. Therefore, there 
arises a problem in that the size of the apparatus cannot be reduced. 

20 SUMMARY OF THE INVENTION 

Accordingly, a concern of the present invention is to provide a distance or focus detection apparatus that 
can be adapted to an active-type automatic focusing apparatus capable of reducing the size of the apparatus 
and eliminating an influence of the contrast. 

25 According to one aspect of the present invention, an apparatus for determining at least one of a range to 

an object and a focus state of the object comprises a light emitting member for emitting light, the light being 
reflected by the object. First and second light receiving optical systems, each positioned to receive light emitted 
from the light emitting member and reflected by the object, are provided, the diameter of either of the first or 
second light receiving optical systems being smaller than the diameter of the other of the first and second light 

30 receiving optical systems. First and second light receiving members are further provided, each positioned to 
receive light from the first and second light receiving optical systems, respectively. At least one of the range 
to the object and a focus state of the object is determined in accordance with an output representing light re- 
ceived by the first and second light receiving members. 

According to another aspect of the present invention, an apparatus for determining at least one of a range 

35 to an object and a focus state of the object comprises a light emitting member for emitting light through a light 
emitting optical system, the light being reflected by the object. First and second light receiving optical systems, 
each positioned to receive light emitted from the light emitting member and reflected by the object are pro- 
vided, the first light receiving optical system being disposed adjacent to the light emitting optical system and 
the distance from the first light receiving optical system to the light emitting member being shorter than the 

40 distance from the second light receiving optical system to the light emitting member. First and second light 
receiving members are also provided, each positioned to receive light from the first and second light receiving 
optical systems, respectively. At least one of the range to the object and a focus state of the object is determined 
in accordance with an output representing light received by the first and second light receiving members. 
According to a still further aspect of the present invention, an apparatus for determining at least one of a 

45 range to an object and a focus state of the object comprises a light emitting member for emitting light through 
a light emitting optical system, the light being reflected by the object. First and second light receiving members, 
each positioned to receive light emitted from the light emitting member and reflected by the object are pro- 
vided, wherein a length of either of the first and second light receiving members is shorter than a length of the 
other of the first and second light receiving members. At least one of the range to the object and a focus state 

so of the object is determined in accordance with an output representing light received by the first and second 
light receiving members. 

According to yet another aspect of the present invention, an apparatus for determining at least one of a 
range to an object and a focus state of the object comprises a light emitting member for emitting light through 
a light emitting optical system, the light being reflected by the object. First and second light receiving members, 
55 each positioned to receive light emitted from the light emitting member and reflected by the object, are pro- 
vided, wherein a length of either of the first and second light receiving members is different from a length of 
the other of the first and second light receiving members. A calculating circuit obtains at least one of the distance 
from the subject and the focus state in accordance with an output from the first light receiving member and 
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an output from the second light receiving member, a ratio of the output and the length of the first light receiving 
member being substantially the same as a ratio of the output and the length of the second light receiving mem- 
ber. 

Other and further concerns , features and advantages of the invention will be appear more fully from the 
5 following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram which illustrates an essential portion of an optical system of an active-type au- 
to tomatic focusing apparatus according to a first embodiment of the present invention; 

Fig. 2 illustrates a state of a received light spot image on each PSD shown in Fig. 1; 
Fig. 3 is a block diagram which illustrates an essential portion of an optical system of an active-type au- 
tomatic focusing apparatus according to a second embodiment of the present invention; 
Fig. 4 illustrates a state of a received light spot image on each PSD shown in Fig. 3; 
15 Fig. 5 illustrates a conventional active-type automatic focusing apparatus; and 

Fig. 6 illustrates a conventional active-type automatic focusing apparatus suggested to overcome the 
problem experienced with the apparatus shown in Fig. 5. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 

First Embodiment 

Preferred embodiments of the present invention will now be described with reference to the drawings. 

Fig. 1 is a block diagram which illustrates an essential portion of an optical system of an active-type au- 
25 tomatic focusing apparatus according to a first embodiment of the present invention. In this embodiment the 
foregoing apparatus is adapted to a camera. 

Referring to Fig. 1, reference numeral 30 represents a light emission side lens. Reference numerals 31 
and 32 represent light receiving side lenses. The light receiving side lenses 31 and 32 respectively are disposed 
assymetrically with respect to the light emission side lens 30 at the center in such a manner that the distances 
30 from the light receiving side lens 31 to the light emission side lens 30 and that from the light receiving side 
lens 32 to the lens 30 are different from each other. Reference numerals 34 and 35 represent PSDs serving 
as light receiving devices disposed to receive light beams received by the corresponding light receiving side 
lenses 31 and 32. 

The light receiving side lens 32 and the PSD 35 are disposed nearer the light emission side lens 30 as 
35 compared with the light receiving side lens 31 and the PSD 34. In the extreme case, the light receiving side 
lens 32 and the light emission side lens 30 may be disposed adjacently. 

Reference numeral 33 represents an IRED serving as a light emitting device. Reference numeral 36 rep- 
resents a subject having a contrast as shown in Fig. 1 for example. 

As described above, the first embodiment has an arrangement that distance (the base line directional dis- 
40 tance) in the direction from the light emission side lens 30 to the light receiving side lens 31 and distance 
L 2 from the light emission side lens 30 to the light receiving side lens 32 are not the same but the distances 
have a relationship expressed by L 2 < L v In addition, lenses 30, 31 and 32 are colinear along a base line. The 
overall length of the PSD 34 and that of the PSD 35 are the same length (A) and also the diameter of the light 
receiving side lens 31 and that of the light receiving side lens 32 are the same. 
45 Fig. 2 shows spot images of light received from the subject 36 having a contrast and disposed on the PSD 

34 and PSD 35. Referring to Fig. 2, the spot images on the PSD 34 and the PSD 35 respectively have central 
positions x n and x 2 . Symbol a represents the quantity of an optical movement of the center of each of the spots 
of light received from the subject 36 having the contrast 

Assuming that the output electric currents from distal terminals F 1 and F 2 and proximal terminals N 1 and 
50 N 2 of the PSDs 34 and 35 are l F1 , l F 2. Ini and l N2l the total electric current generated by the light spot is l T and 
the overall length of each of the PSDs 34 and 35 is A, the following relationships are held: 
l F1 = l T x{A-(x l+ a)}/A 
l N1 = l T x (X, + a)/A 
lF2=l T x{A-(x 2 -a)}/A 
55 | N2 = l T x (x 2 - a)/A 

When the foregoing output terminals are connected in such a manner that the sum (l F ) of l F1 and l F2 and 
the sum (l N ) of l N1 and l N2 can be taken as shown in Fig. 2, each sum is as follows: 

4 
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If = Ifi + If2 

= It X {2 - (xi + x2) /A} 



(1) 



In = Ini + In2 

10 

= It X (xi + x2) / A ... (2) 

As can be understood from Equations (1 ) and (2), the signals l F and l N do not include spot center movement 
15 a, and depend upon only the central position of the received light spot. Therefore, signals free from the influ- 
ence of the position of the center of light caused from the contrast can be obtained. 

The ensuing signal process, that is, the process of the output electric currents l F and l N is performed sim- 
ilarly to the conventional method, thus enabling distance information to be obtained. That is, since the output 
electric current l F or l N corresponds to the position at which light has been received, the distance corresponding 
20 to the position at which light has been received is obtained in accordance with l F or l N or \,J (l N + l F ) or (l F - l N ) 
or (Ip- l N ) / (l N + l F ). 

Second Embodiment 

25 Fig. 3 is a block diagram which illustrates an essential portion of an optical system of an active-type au- 

tomatic focusing apparatus according to a second embodiment of the present invention. The same elements 
as those shown in Fig. 1 are given the same reference numerals. 

In this embodiment, a second light receiving side lens 32* and a second PSD 35' respectively have sizes 
smaller than the corresponding elements according to the first embodiment so as to reduce the size of the 

30 apparatus. 

Fig. 4 shows light spot images from the subject 36 having a contrast, the light spot images being formed 
on the PSDs 34 and 35'. Referring to Fig. 4, x, and x 2 represent central positions of spot images on the PSDs 
34 and 35*. Symbol a represents the quantity of optical movement of the centers of the received light spots 
caused from the subject contrast. Symbols A 1 and A 2 respectively represents the overall length of the PSD 34 
35 and that of the PSD 35'. 

Assuming that output electric currents from the distal terminals Ft and F 2 and the proximal terminals Ni 
and N 2 of the PSDs 34 and 35* are l F1 \ l F2 \ >ni* and l N2 \ the following relationships are held: 
l F1 - = | T1 x {A, - ( X1 + aJJ/Ai 
l N1 ' = In x (x, + a)/A 1 
40 | F2 ' = | T2 x {A 2 - (x 2 - a)}/A 2 

l N2 = l T2 x (x 2 - a)/A 2 

where l T1 and l T2 represent total electric currents generated from received light spots on the PSDs 34 and 
35' and having different values (l T1 > l T2 ) because the diameter of the light receiving side lens 31 and that of 
the light receiving side lens 32' are different from each other. 
45 When the foregoing output terminals are connected as shown in Fig. 4 in such a manner that the sum (l F ') 

of l F i' and l F2 ' and the sum (IN') of l N1 ' and l N2 ' are taken, the sums are as follows: 

If' = Ifi' + If2' 

50 

- iTl + IT2 - (iTl/Al) X XI - (IT2/A2) X X2 

+ a {(IT2/A2) - (Iti/Ai)} ...(3) 



5 



BNSDOCID: <EP. 



0654690A2J_> 



BP 0 654 690 A2 



In ' = Ini ' + In2 1 

5 = (iTl/Al) X XI + (IT2/A2) X X2 

+ a {(ITl/Al) - (IT2/A2)} ...(4) 

w As can be understood from the foregoing Equations (3) and (4), an arrangement that causes the following re- 
lationship to be held 

(Iti/A^ = (It2/A 2 ) = k (5) 
causes the following relationship to be held: 
If' = «ti + W2 - k (Xi + 

15 l N ' = k (X n + X 2 ) 

Thus, the term relating to the quantity a of the optical movement of the center of light of the received light 
spot caused by the subject 36 having a contrast is eliminated. That is, the influence of the contrast is eliminated. 

Since the total electric currents l T1 and l T2 generated from the received light spots on the PSDs 34 and 
35' are in proportion to the area of an effective aperture of each of the light receiving side lenses 31 and 32', 
20 an arrangement that the ratio of the overall lengths A, and A 2 of the PSDs 34 and 35' and the areas of the 
openings in the light receiving side lenses 31 and 32' satisfy Equation (5) enables the influence of the contrast 
of the subject to be eliminated. 

Although the second embodiment has the arrangement that the difference in the influences of the contrast 
of the subject on the two PSDs 34 and 35' occurring due to the differences in the apertures between the light 
25 receiving side lenses 31 and 32' and the light emission side lens 30 is corrected by designing the structure to 
satisfy the foregoing Equation (5), the correction may be performed by arranging the circuit in such a manner 
that the outputs from the PSDs 34 and 35* are processed by individual circuit systems. 

Although the foregoing embodiments have the arrangement that the present invention is adapted to one- 
point range finding, a multi-point range finding operation can, of course, be performed if a plurality of PSDs 
30 are disposed on the focal plane of the light receiving side lenses 31 and 32 and a plurality of IREDs are disposed 
on the focal plane of the light emission side lens 30. Although the PSDs are employed as the light receiving 
devices, the light receiving devices may comprise bisectional sensors such as SPC sets each consisting of 
two SPCs. In this case, the position, at which light is received, is obtained in accordance with the difference 
or the ratio of the outputs from the SPCs forming one set Although the distance from the subject is obtained, 
35 a focusing state may be obtained. 

Since each of the foregoing embodiments has the arrangement that one light receiving side lens and one 
PSD are disposed on each of the two sides of the light emission side lens and one light receiving side lens 
and one PSD are disposed adjacent to the light emission side lens, there can be provided an active-type au- 
tomatic focusing apparatus that is free from an error in finding the range even if the subject has a contrast or 
40 even if only a portion of a subject is irradiated with light while reducing the overall size thereof. 

Although the invention has been described in its preferred form with a certain degree of particularly, it is 
understood that the present disclosure of the preferred form can be changed in the details of construction and 
the combination and arrangement of parts may be resorted to without departing from the spirit and the scope 
of the invention as hereinafter claimed. 

45 

Claims 

1. An apparatus for determining at least one of a range to an object and a focus state of the object, said 
so apparatus comprising: 

light emitting means for emitting light, said light being reflected by said object; 
first and second light receiving optical systems, each positioned to receive light emitted from the 
light emitting means and reflected by the object, the diameter of either of said first or second light receiving 
optical systems being smaller than the diameter of the other of said first and second light receiving optical 
55 systems; and 

first and second light receiving means, each positioned to receive light from said first and second 
light receiving optical systems, respectively, 

wherein at least one of said range to the object and a focus state of the object is determined in 

6 
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accordance with an output representing light received by said first and second light receiving means. 

2. An apparatus according to Claim 1 , wherein said first and second light receiving optical systems are dis- 
posed such that the distance from said first light receiving optical system to said light emitting means is 
shorter than the distance from said second light receiving optical system to said light emitting means. 

3. An apparatus according to Claim 1, wherein said a line between said first light receiving optical system 
and said light emitting means and a line between said second light receiving optical system and said light 
emitting means together define a base line. 

4. An apparatus according to Claim 3, wherein said first and second light receiving means generate outputs 
corresponding to positions at which light emitted by said light emitting means and reflected by the subject 
is received by said first and second light receiving means. 

5. An apparatus according to Claim 1, further comprising: 
a calculating circuit for obtaining at least one of the distance from the subject and the focus state 

thereof in accordance with an output from each of said first and second light receiving means, wherein 
said calculating circuit obtains a value corresponding to a sum of outputs from said first and second light 
receiving means. 

20 6. An apparatus for determining at least one of a range to an object and a focus state of the object, said 
apparatus comprising: 

light emitting means for emitting light through a light emitting optical system, said light being re- 
flected by said object; 

first and second light receiving optical systems, each positioned to receive light emitted from the 
25 light emitting means and reflected by the object, said first light receiving optical system being disposed 

adjacent to said light emitting optical system and the distance from said first light receiving optical system 
to said light emitting means being shorter than the distance from said second light receiving optical system 
to said light emitting means; and 

first and second light receiving means, each positioned to receive light from said first and second 
30 light receiving optical systems, respectively, 

wherein at least one of said range to the object and a focus state of the object is determined in 
accordance with an output representing light received by said first and second light receiving means. 

7. An apparatus for determining at least one of a range to an object and a focus state of the object, said 
35 apparatus comprising: 

light emitting means for emitting light through a light emitting optical system, said light being re- 
flected by said object; and 

first and second light receiving means, each positioned to receive light emitted from the light emit- 
ting means and reflected by the object, wherein the length of either of said first and second light receiving 
40 means is shorter than the length of the other of said first and second light receiving means; 

wherein at least one of said range to the object and a focus state of the object is determined in 
accordance with an output representing light received by said first and second light receiving means. 

8. An apparatus for determining at least one of a range to an object and a focus state of the object, said 
45 apparatus comprising: 

light emitting means for emitting light through a light emitting optical system, said light being re- 
flected by said object; 

first and second light receiving means, each positioned to receive light emitted from the light emit- 
ting means and reflected by the object, wherein a length of either of said first and second light receiving 
50 means is different from a length of the other of said first and second light receiving means; and 

a calculating circuit for obtaining at least one of the distance from the subject and the focus state 
in accordance with an output from said first light receiving means and an output from said second light 
receiving means, a ratio of the output and the length of said first light receiving means being substantially 
the same as a ratio of the output and the length of said second light receiving means. 



55 



An apparatus according to Claim 8, wherein each of said first and second light receiving means comprises 
a position sensing device each having first and second outputs, a ratio of the sum of the first and second 
outputs and the length of said position sensing device comprising said first light receiving means being 
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substantially the same as a ratio of the sum of the first and second outputs and the length of said position 
sensing device comprising said second light receiving means. 

1 0. An apparatus according to claim 8, wherein each of said first and second light receiving means comprises 
5 a bisectioned sensor, a ratio of the sum of the first and second outputs and the length of said bisectioned 

sensor comprising said first light receiving means being substantially the same as a ratio of the sum of 
the first and second outputs and the length of said bisectioned sensor comprising said second light re- 
ceiving means. 

1Q 11. Active-type automatic focusing apparatus having means for emitting light and a pair of means for receiving 
the emitted light after reflection from a subject, and characterised in that the receiving means are asym- 
metrically arranged on either side of the light emitting means. 
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FIG. 5(a) 
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FIG. 6(b) prior art 
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(54) Active-type automatic focusing apparatus. 

(57) The present invention relates to an active- 
type automatic focusing apparatus, and more 
particularly to an automatic focusing apparatus 
of a type having an arrangement that a light 
receiving portion (34,35) is disposed on each 
side of a light emitting unit (33) to obtain the 
distance from a subject in accordance with the 
output from each light receiving portion. An 
automatic focusing apparatus of the foregoing 
type according to the present invention is en- 
abled to have a small size by shortening the 
distance (L2) from either of the light receiving 
portions disposed on the two sides of the light 
emitting unit to the light emitting unit than the 
distance (L2) from the other light receiving 
portion. 
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